
CHAPTER 37
The Endocrine System

37.1 Types of Hormones
By the end of this section, you will be able to do the following:
• List the different types of hormones
• Explain their role in maintaining homeostasis

Maintaining homeostasis within the body requires the coordination of many different systems and organs.
Communication between neighboring cells, and between cells and tissues in distant parts of the body,
occurs through the release of chemicals called hormones. Hormones are released into body fluids (usually
blood) that carry these chemicals to their target cells. At the target cells, which are cells that have a receptor
for a signal or ligand from a signal cell, the hormones elicit a response. The cells, tissues, and organs that
secrete hormones make up the endocrine system. Examples of glands of the endocrine system include the
adrenal glands, which produce hormones such as epinephrine and norepinephrine that regulate responses
to stress, and the thyroid gland, which produces thyroid hormones that regulate metabolic rates.

Although there are many different hormones in the human body, they can be divided into three classes based
on their chemical structure: lipid-derived, amino acid-derived, and peptide (peptide and proteins)
hormones. One of the key distinguishing features of lipid-derived hormones is that they can diffuse across
plasma membranes whereas the amino acid-derived and peptide hormones cannot.

Figure 37.1 The process of amphibian metamorphosis, as seen in the tadpole-to-frog stages
shown here, is driven by hormones. (credit "tadpole": modification of work by Brian Gratwicke)

INTRODUCTION An animal’s endocrine system controls body processes through the production,
secretion, and regulation of hormones, which serve as chemical “messengers” functioning in cellular and
organ activity and, ultimately, maintaining the body’s homeostasis. The endocrine system plays a role in
growth, metabolism, and sexual development. In humans, common endocrine system diseases include
thyroid disease and diabetes mellitus. In organisms that undergo metamorphosis, the process is
controlled by the endocrine system. The transformation from tadpole to frog, for example, is complex
and nuanced to adapt to specific environments and ecological circumstances.
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Lipid-Derived Hormones (or Lipid-soluble Hormones)
Most lipid hormones are derived from cholesterol and thus are structurally similar to it, as illustrated in
Figure 37.2. The primary class of lipid hormones in humans is the steroid hormones. Chemically, these
hormones are usually ketones or alcohols; their chemical names will end in “-ol” for alcohols or “-one” for
ketones. Examples of steroid hormones include estradiol, which is an estrogen, or female sex hormone, and
testosterone, which is an androgen, or male sex hormone. These two hormones are released by the female
and male reproductive organs, respectively. Other steroid hormones include aldosterone and cortisol, which
are released by the adrenal glands along with some other types of androgens. Steroid hormones are
insoluble in water, and they are transported by transport proteins in blood. As a result, they remain in
circulation longer than peptide hormones. For example, cortisol has a half-life of 60 to 90 minutes, while
epinephrine, an amino acid derived-hormone, has a half-life of approximately one minute.

Figure 37.2 The structures shown here represent (a) cholesterol, plus the steroid hormones (b) testosterone and (c)

estradiol.

Amino Acid-Derived Hormones
The amino acid-derived hormones are relatively small molecules that are derived from the amino acids
tyrosine and tryptophan, shown in Figure 37.3. If a hormone is amino acid-derived, its chemical name will
end in “-ine”. Examples of amino acid-derived hormones include epinephrine and norepinephrine, which
are synthesized in the medulla of the adrenal glands, and thyroxine, which is produced by the thyroid gland.
The pineal gland in the brain makes and secretes melatonin which regulates sleep cycles.
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Figure 37.3 (a) The hormone epinephrine, which triggers the fight-or-flight response, is derived from the amino acid tyrosine. (b) The

hormone melatonin, which regulates circadian rhythms, is derived from the amino acid tryptophan.

Peptide Hormones
The structure of peptide hormones is that of a polypeptide chain (chain of amino acids). The peptide hormones include
molecules that are short polypeptide chains, such as antidiuretic hormone and oxytocin produced in the brain and released into
the blood in the posterior pituitary gland. This class also includes small proteins, like growth hormones produced by the
pituitary, and large glycoproteins such as follicle-stimulating hormone produced by the pituitary. Figure 37.4 illustrates these
peptide hormones.

Secreted peptides like insulin are stored within vesicles in the cells that synthesize them. They are then released in response to
stimuli such as high blood glucose levels in the case of insulin. Amino acid-derived and polypeptide hormones are water-soluble
and insoluble in lipids. These hormones cannot pass through plasma membranes of cells; therefore, their receptors are found on
the surface of the target cells.

Figure 37.4 The structures of peptide hormones (a) oxytocin, (b) growth hormone, and (c) follicle-stimulating hormone are shown. These

peptide hormones are much larger than those derived from cholesterol or amino acids.
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CAREER CONNECTION

Endocrinologist
An endocrinologist is a medical doctor who specializes in treating disorders of the endocrine glands, hormone systems, and
glucose and lipid metabolic pathways. An endocrine surgeon specializes in the surgical treatment of endocrine diseases and
glands. Some of the diseases that are managed by endocrinologists: disorders of the pancreas (diabetes mellitus), disorders of
the pituitary (gigantism, acromegaly, and pituitary dwarfism), disorders of the thyroid gland (goiter and Graves’ disease), and
disorders of the adrenal glands (Cushing’s disease and Addison’s disease).

Endocrinologists are required to assess patients and diagnose endocrine disorders through extensive use of laboratory tests.
Many endocrine diseases are diagnosed using tests that stimulate or suppress endocrine organ functioning. Blood samples are
then drawn to determine the effect of stimulating or suppressing an endocrine organ on the production of hormones. For
example, to diagnose diabetes mellitus, patients are required to fast for 12 to 24 hours. They are then given a sugary drink, which
stimulates the pancreas to produce insulin to decrease blood glucose levels. A blood sample is taken one to two hours after the
sugar drink is consumed. If the pancreas is functioning properly, the blood glucose level will be within a normal range. Another
example is the A1C test, which can be performed during blood screening. The A1C test measures average blood glucose levels
over the past two to three months by examining how well the blood glucose is being managed over a long time.

Once a disease has been diagnosed, endocrinologists can prescribe lifestyle changes and/or medications to treat the disease.
Some cases of diabetes mellitus can be managed by exercise, weight loss, and a healthy diet; in other cases, medications may be
required to enhance insulin release. If the disease cannot be controlled by these means, the endocrinologist may prescribe
insulin injections.

In addition to clinical practice, endocrinologists may also be involved in primary research and development activities. For
example, ongoing islet transplant research is investigating how healthy pancreas islet cells may be transplanted into diabetic
patients. Successful islet transplants may allow patients to stop taking insulin injections.

37.2 How Hormones Work
By the end of this section, you will be able to do the following:
• Explain how hormones work
• Discuss the role of different types of hormone receptors

Hormones mediate changes in target cells by binding to specific hormone receptors. In this way, even though hormones
circulate throughout the body and come into contact with many different cell types, they only affect cells that possess the
necessary receptors. Receptors for a specific hormone may be found on many different cells or may be limited to a small number
of specialized cells. For example, thyroid hormones act on many different tissue types, stimulating metabolic activity
throughout the body. Cells can have many receptors for the same hormone but often also possess receptors for different types of
hormones. The number of receptors that respond to a hormone determines the cell’s sensitivity to that hormone, and the
resulting cellular response. Additionally, the number of receptors that respond to a hormone can change over time, resulting in
increased or decreased cell sensitivity. In up-regulation, the number of receptors increases in response to rising hormone levels,
making the cell more sensitive to the hormone and allowing for more cellular activity. When the number of receptors decreases
in response to rising hormone levels, called down-regulation, cellular activity is reduced.

Receptor binding alters cellular activity and results in an increase or decrease in normal body processes. Depending on the
location of the protein receptor on the target cell and the chemical structure of the hormone, hormones can mediate changes
directly by binding to intracellular hormone receptors and modulating gene transcription, or indirectly by binding to cell
surface receptors and stimulating signaling pathways.

Intracellular Hormone Receptors
Lipid-derived (soluble) hormones such as steroid hormones diffuse across the membranes of the endocrine cell. Once outside
the cell, they bind to transport proteins that keep them soluble in the bloodstream. At the target cell, the hormones are released
from the carrier protein and diffuse across the lipid bilayer of the plasma membrane of cells. The steroid hormones pass through
the plasma membrane of a target cell and adhere to intracellular receptors residing in the cytoplasm or in the nucleus. The cell
signaling pathways induced by the steroid hormones regulate specific genes on the cell's DNA. The hormones and receptor
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